Flash visual evoked potential (FVEP), induced by OFF-to-ON flash, i.e. flash onset, in a light emitting diode (LED) was used to control four cursor movements (left, right, up, down), and left-and rightbutton clicks on a screen menu. ON or OFF duration in each flashing sequence was designed to be random so that all flashing sequences were mutually independent. Since FVEPs are time-locked and phaselocked to flash onsets of gazed LEDs, segmenting EEG signals based on the flash onsets of each flashing sequence followed by averaging will sharpen epochs evoked by gazed LEDs. Four inexperienced subjects were asked to generate a sequence of cursor commands. Mean recognition and transfer rates were 88% and 3.74 s=command, respectively.
Subjects and EEG recording: Four inexperienced male volunteers, ages from 25 to 32 years, were recruited to participate in this study. Each subject had corrected Snellen visual acuity of 6=6 or better, with no history of clinical visual disease. An EEG channel placed at Oz based on an EEG 10-20 system [2] and one reference electrode at the right mastoid were recorded (MacLab, BioAmp, ADInstruments, Castle Hill, Australia). An additional bipolar electroculargraph (EOG) channel was placed on the upper site of the right eye and the lower site of the left eye to monitor eye movement, and threshold level was set at 100 mv to reject artifact contaminated epochs. All signals were recorded online with 1-50 Hz bandpass filtering to remove 60 Hz electricity noise and DC drifts, and then digitised (NI-PCI 6071E, National Instrument) and subjected to real-time processing using the LabView program (see Fig. 1 ). Subjects sat on comfortable armchairs in a dimly illuminated room and were instructed to complete a designed command sequence by gazing at target LEDs one by one. When a single input command was recognised by the system three consecutive times, the subject was prompted by voice feedback to proceed with the next command.
Stimulus: Six white LED devices (Part number: LYBS-B93W1303R012BP, LedTech Electronics Co., Taiwan; wavelength ranging from 400 to 700 nm), covered with thin white paper diffusers, were used to produce unpatterned light stimuli. The luminance of each diffused light source was calibrated using a luminance meter (LS-110; Konica Minolta Photo Imaging Inc., USA) and set at 150 candelas (cd)=m 2 . The flickering sequences of the six LEDs were created by six mutually independent and random TTL sequences. Each sequence consisted of alternate ON-OFF states with duration in each state divided into two segments. The first segment was set at 120 ms to prevent the overlap of one induced VEP with the subsequent one, while the second segment was uniformly distributed over the interval [0, 400] (mean ¼ 200 ms), i.e. each duration was random with a length between 120 and 520 ms (mean ¼ 320 ms) (see Fig. 2 ). [2] . In normal subjects, the N2 and P2 peaks usually present the most prominent response [2] . The amplitude difference between N2 and P2 peaks, Amp p-v , was used as an index to detect the target LED (see Fig. 1 ).
Signal processing: Based on the timing of flash onset in the ith flickering sequence, i ¼ 1, . . . , 6, EEG recordings at Oz were segmented into epochs and stored in the ith epoch register in the computer memory. The size of each epoch was 150 sampled points (600 ms). The procedure for detecting the target LED was as follows: first, every 10 epochs (N ¼ 10) in each ith epoch register, i ¼ 1, . . . , 6, were averaged. The baseline (mean value from À100 to 0 ms) was subtracted from the averaged epoch and lowpass filtering (<30 Hz) performed to yield a noise-suppressed FVEP i . Thirdly, six Amp p-v were computed and the LED inducing the largest Amp p-v was recognised. Finally, the cursor command defined by the identified LED was activated to control cursor movement or button click.
Results: Each subject was asked to produce the following cursor actions 'Up ! Down ! Left ! Right ! Left Button ! Right Button' three consecutive times by staring at the corresponding LED. Table 1 presents the performance of four participants. All the subjects performed well, with accuracies between 81 and 94%. Mean hit and mean transfer rates were 88% and 3.74 s=command, respectively. Discussion: FVEP induced from light flashes has been widely used in clinical diagnosis. Compared with other visual stimuli [2, 4, 5] , such as pattern VEP or SSVEP (steady-state-visual-evoked potential), VEPs are more detectable for patients who cannot see pattern stimuli owing to deficits in optical fibre connections between the retina and the visual cortex. Using the FVEP, our BCI system is applicable not only to normal people but also to patients who suffer from poor visual acuity. However, we note that FVEP waveforms in ophthalmological disorders differ from those of normal subjects [6] , and individual calibration might be required. Another salient feature of the proposed system is the design of mutually independent flickering sequences, i.e. none of the LEDs had the same flash timing. Since FVEP is time-locked and phase-locked to visual stimulus, central FVEPs are synchronised to the ON-OFF states in the gazed LEDs. Segmenting EEG signals based on the timing of flash onset in each flickering sequence followed by averaging will enhance FVEP epochs synchronised with the target LED while suppressing task-unrelated FVEP epochs induced from non-gazed LEDs. Consequently, accurate recognition rates can be achieved simply by detecting amplitude differences between N2 and P2 peaks.
Conclusions: The present study reports on an FVEP-actuated system for controlling cursor movements and button clicks on a screen menu. Various items with specific functions can be placed on the screen menu to help patients express their needs in daily life. To extract central FVEPs and identify the target LED, mutually independent flickering sequences were generated as visual stimuli and a simple averaging technique was utilised. The use of LEDs is cost-effective and the linear averaging technique and amplitude detection can be easily implemented in real time using a low-cost PC. This BCI system achieves a high transfer rate (3.74 s per command) and high hit rates (mean ¼ 88%). This system will be further tested by neuromuscularly disabled individuals in future studies.
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